Eight experiments were carried out investigating whether different parts of a syllable must be phonologically encoded in a specific order or whether they can be encoded in any order. A speech production task was used in which the subjects in each test trial had to utter one out of three or five response words as quickly as possible. In the so-called homogeneous condition these words were related in form, while in the heterogeneous condition they were unrelated in form. For monosyllabic response words shorter reaction times were obtained in the homogeneous than in the heterogeneous condition when the words had the same onset, but not when they had the same rhyme. Similarly, for disyllabic response words, the reaction times were shorter in the homogeneous than in the heterogeneous condition when the words shared only the onset of the first syllable, but not when they shared only its rhyme. Furthermore, a stronger facilitatory effect was observed when the words had the entire first syllable in common than when they only shared the onset, or the onset and the nucleus, but not the coda of the first syllable. These results suggest that syllables are phonologically encoded in two ordered steps, the first of which is dedicated to the onset and the second to the rhyme. 8
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sound form (see, for instance, Dell, 1986; Garrett, 1975 Garrett, , 1982 Levelt, 1989) . The present research concerns the second of these processes which will be called phonological encoding.
Models of phonological encoding generally agree that the syllables of a word are encoded sequentially, proceeding from the beginning to the end of the word (see, for instance, Dell, 1986; MacKay, 1987; Shattuck-Hufnagel, 1979 , 1983 , and there is experimental evidence supporting this hypothesis (Meyer, 1990) . The models differ, however, in their assumptions about the phonological encoding inside a given syllable. Shattuck-Hufnagel(l979, 1983) , for instance, posits that this is a serial process. When a monosyllabic word is encoded, an ordered string of phonological segments is retrieved and a frame is created with three ordered slots representing the syllable constituents onset, nucleus, and coda. Then the segments are associated to the corresponding slots of the syllable frame. This is done sequentially, proceeding from the onset to the nucleus and then to the coda.
In a modification of her model, Shattuck-ANTJE S. MEYER Hufnagel (1987) proposes that at some point during the phonological encoding of a phrase, its words are represented in terms of two parts, namely as word onsets and non-onset portions. This division is supported, among other things, by the observation that the segments of word onsets are far more likely to be involved in sound errors than segments in other word positions. Moreover, in sound anticipations, perseverations, and exchanges, onset segments tend to interact with each other rather than with word-internal or word-final segments (see also Garrett, 1975 Garrett, , 1980 Stemberger, 1983a) . Shattuck-Hufnagel argues that as the metrical structure of an utterance only depends on the non-onset portions of the words, these might be integrated into the developing metrical structure before the word onsets. Thus, the phonological encoding of a monosyllabic word is still taken to be a sequential process, but the word onset is now encoded last instead of first.
By contrast, in Dell's (1986 Dell's ( , 1988 ) model different parts of a syllable are encoded in parallel. When a monosyllabic word is encoded, activation spreads from the word node to nodes representing the syllable constituents onset and rhyme and from there to nodes representing the corresponding phonological segments. The segment nodes are marked according to their syllable positions as onset, nucleus, or coda units. If, for instance, the Dutch word bEoem (flower) is encoded, activation spreads from the word node to the onset cluster [bl] and to the rhyme [u:ml, and from there to the onset segments lb] and 111 and to the nucleus segment [u:] and the coda segment [ml. Simultaneously, the syllable rule is activated and creates a frame of slots corresponding to the syllable constituents onset, nucleus, and coda. After a certain time period, the activation levels of the sublexical units are inspected and the most highly activated onset, nucleus, and coda units that can be found are selected. Usually, these are the units that are being activated from the morpheme whose phonological representation is under construction. They are associated to the positions of the syllable frame, whereby they are ordered. The onset unit is linked to the onset position, the nucleus unit to the nucleus position, and the coda unit to the coda position. Though nothing hinges on the temporal order in which different positions are lilled, the model assumes that they are usually filled more or less at the same time.
It should be noted that ShattuckHufnagel's and Dell's models differ not only in their assumptions about the time course of phonological encoding, but also in other, more fundamental respects. Most notably, Dell's model is a spreading activation model, whereas Shattuck-Hufnagel's is not. In Dell's model sublexical units are types; that is, there is one set of sublexical units that is shared by all words. By contrast, in Shattuck-Hufnagel's model, sublexical units are tokens, and each word has its own set of sublexical units attached to it.
The hypotheses concerning the time course of phonological encoding inside a syllable do not seem to follow of necessity from other aspects of either model. It should be possible to construe a version of Shattuck-Hufnagel's model in which the segments of a syllable are associated to their positions in parallel and a version of Dell's model in which the segments of a syllable are selected sequentially.
In explaining the results of an earlier series of experiments, which investigated the temporal order of phonological encoding of successive syllables of a word (referred to as syllable experiments hereafter; see Meyer 1990) , I opted for a spreading activation model very similar to Dell's. The same model is presupposed in the present paper.
This model is identical to Dell's in all major respects with one exception. According to Dell, a constant time period is devoted to the phonological encoding of each syllable within a given utterance. On this supposition the main finding of the syllable experiments is difficult to explain, which is that the subjects could produce a given word faster when they knew one of its syllables beforehand than when this was not the case. Therefore, I posit instead that the encoding time per syllable is variable and depends on how quickly its sublexical units become activated. Activation is taken to spread from the morpheme node to the onset, nucleus, and coda units until they have reached a certain activation threshold. Then they are selected and inserted into the slots of the syllable frame. Their activation level is instantaneously set back to zero to avoid their being immediately selected again. However, as they still receive some activation from activated higher and lower level units, their activation quickly rises again and then slowly decays.
The experiments reported below tested whether different parts of a syllable can be encoded in any order, or whether they must be encoded in a specific order, either with the onset preceding the rhyme, or with the rhyme preceding the onset. The same experimental paradigm was used as in the syllable experiments. I will first outline that paradigm and explain the predictions and then describe the method in detail.
The subject first learned three or five word pairs, for example, those listed in Table 1. In each of the following test trials, the left-hand member of one pair was presented as a prompt, and the subject had to name the right-hand member of the pair, the response word, as quickly as possible. The response latency, defined as the interval between prompt onset and speech onset, was the main dependent variable. The items were tested five times each in a random order. Then the subject received performance feedback and studied the next group of word pairs, which was tested in the same way.
The materials included five sets of five word pairs each. All response words were monosyllabic.
The response words within each set were systematically related in their forms. In Experiment 1 they shared the word onset and in Experiment 2 the rhyme. The segment or string of segments that the response words of a set had in common is called the implicit prime. The word pairs were tested under two conditions. In the homogeneous condition, the five word pairs that were tested together in a block of trials belonged to the same experimental set. Since there were five experimental sets, there were also five different homogeneous test blocks. In the heterogeneous condition, the word pairs of each set were distributed over five different test blocks. Thus, in each heterogeneous test block one word pair from each set was tested. As the response words of a heterogeneous block stemmed from different sets, they were not related in form.
In the syllable experiments mentioned above the mean reaction times were shorter in the homogeneous than in the heterogeneous condition when the response words shared the first syllable or the first and second syllables, but not when they shared only the second syllable. There is evidence suggesting that the effects of word-initial implicit primes were due to facilitation of the phonological encoding of the response words, rather than to facilitation of the selection of the response word meanings or to articulatory preparation. The pattern of results obtained from primes in various word positions presumably reflects the fact that the syllables of a word are phonologically encoded in a specific order, namely according to their sequence in the word, and that this order must be retained in preparing for the response words on the basis of implicit primes.
The present experiments were based on the expectation that phonological encoding could also be facilitated by implicit primes that included only parts of a syllable and that the effects of primes in various syllable positions would reveal whether or not there were any constraints on the temporal order of phonological encoding of different parts of a syllable. I will first lay out the predictions derived from a model in which the order of encoding different parts of a syllable is free and then turn to the predictions derived from a model in which it is fixed.
The subjects of the present experiments were expected to use the implicit primes to prepare for the utterance of the response words in a similar way as the subjects of the syllable experiments. When, for instance, the onset consonant of the response words was primed, they would probably try to keep the recurrent segment in mind during the intertrial intervals. This can be viewed as a process in which the syllable frame is created a number of times, and each time the onset position is filled by the same segment. Consequently, the activation level of that segment should be elevated above resting level when the phonological encoding of the response word begins so that it should reach the selection threshold faster than in the heterogeneous condition.
Whether or not this reduces the time necessary for the phonological encoding of the response word depends on how quickly the other segments of the word reach the selection threshold. Presumably, there is always some random variation in the resting levels of activation of the sublexical units and in the amount of activation they receive. Therefore, they reach the selection threshold at slightly different points in time. If the primed segment is the one that would otherwise have reached the threshold most slowly, the phonological encoding of the response word should be terminated earlier than in the control condition and the reaction should be speeded. By contrast, if the primed segment would have reached the threshold first anyway, the slower segments must still be waited for. In this case, the time necessary to encode the response word and the observed reaction time should not differ from the control condition. Provided that onset, nucleus, the coda segments do not differ systematically in how fast they normally reach the selection threshold, onset primes should shorten the response latency in about one third of the trials and leave it as it was in the remaining trials. Hence, the mean reaction time for a whole block of trials should be slightly shorter in the homogeneous than in the heterogeneous condition.
On the assumption that onset, nucleus, and coda units can be selected in any order, a similar prediction can be made for the rhyme primes tested in Experiment 2. Again, the subjects should be able to prepare for the utterance of the response words on the basis of the implicit primes, and the mean reaction time should be shorter than in the heterogeneous condition. If rhymes comprise two independent processing units, mapping onto the nucleus and the coda respectively, rhyme primes should yield stronger effects than onset primes because two units instead of one are preactivated.
A model in which different parts of a syllable are encoded in a specific order makes different predictions. As mentioned, in the syllable experiments a priming effect was obtained when disyllabic response words shared the first syllable, but not when they shared the second syllable. These results were explained by assuming that the syllables of a word must be encoded in a certain temporal order, which in turn was attributed to the fact that the temporal order of their encoding determines the sequence of the syllables in the word. If a similar principle holds within syllables, if the order of the sublexical units within a given syllable is also governed by the temporal order of their selection, there should only be a priming effect for the unit that must be selected first. If, for instance, the onset must be selected before the rhyme, only onset primes, but not rhyme primes, should facilitate the reactions. Conversely, if the rhyme must be selected before the onset, only rhyme primes, but not onset primes, should speed the responses.
EXPERIMENTS 1 AND 2 Method
Subjects. Ten paid subjects, five women and five men, participated in each experiment. They were undergraduate students at the University of Nijmegen and native speakers of Dutch.
Stimuli. The materials of Experiment 1 consisted of five experimental sets and a practice set with five word pairs each. The response words were common monosyllabic nouns of Dutch. Within each experimental set they shared the word onset, which in three sets consisted of single consonants and in two sets of consonant clusters (see Appendix). The response words in the practice set were unrelated in form. Each response word was combined with a prompt. The prompts were semantically related to the response words with which they were coupled and unrelated to the other response words of the set.
Each experimental set represented the stimulus materials for one homogeneous test block. To construct the materials for the heterogeneous test blocks, the items were regrouped. Each heterogeneous block included one word pair from each set. The response words that were tested together in a heterogeneous block were not semantically or phonologically related to each other, and each prompt was semantically related only to the corresponding response word, but not to any other response word of the block. Experiment 2 tested whether monosyllabic response words could be implicitly primed by their rhymes. Again five experimental sets and a practice set with five word pairs each were created. The response words within each experimental set shared the rhyme (see Table 2 ). Otherwise the materials were constructed in the same way as the materials of Experiment 1.
Apparatus.
The experiments were controlled by a Miro GD laboratory computer. Visual information was presented to the subject on an electronic display connected to the computer.
Warning tones were played over Sennheiser HD414 headphones. The onsets of the subject's responses to the prompts were registered by a Sennheiser MD21 1N microphone and a voice-operated relay interfaced with the computer. The sessions were taped using a Revox A700 recorder. The experimenter sat in the same room as the subject. The information on the subject's screen, ttie correct response word for each trial, and the subject's reaction times were displayed to the experimenter on a second screen out of sight of the subject.
Design.
The experimental design included four within-subjects variables. The 25 word pairs formed five sets, in each of which the response words shared the word onset (in Experiment I) or the rhyme (in Experiment 2). The five sets corresponded to the levels of the first variable (sets). Each word pair was tested under the homogeneous condition (i.e., together with the other word pairs from the same set) and under the heterogeneous condition (i.e., to- In addition, there was one betweensubjects variable, groups, with two levels. The group distinction was introduced in order to control for the sequence of homogeneous and heterogeneous test blocks. The experimental session included a practice block and a series of 30 experimental test blocks, which were divided into three parts of 10 blocks each. Within each part, each homogeneous and each heterogeneous block was administered once. In the first group of subjects, the first five blocks of each part were homogeneous and the remaining five blocks were heterogeneous. Conversely, in the second group of subjects, the first five blocks were heterogeneous and the second five were homogeneous.
The five homogeneous and the five heterogeneous blocks were administered in a different random order to each subject in each of the three parts of the experiment. The order of the word pairs within a block was also random, except that repetitions of word pairs in successive trials were avoided. Different random sequences were generated for all test blocks and subjects.
Procedure.
The subjects were tested individually. After the subject had read the instructions, the practice block was administered, followed by the 30 experimental blocks. The experiment consisted of alternating presentation and test phases. In a presentation phase, the subject was given an index card, on which the word pairs for the following block were printed, and was asked to memorize the pairs until he or she knew with which response word each prompt was combined. Usually, it took the subject no longer than about two minutes to learn the five word pairs of a block. By the fifth test block, the subject had studied all items, but throughout the entire experiment a list of the relevant word pairs was presented prior to each test block so that the subject was always informed about the upcoming items.
As soon as the subject indicated that he or she had sufficiently studied the word pairs, the experimenter started the test phase. A test trial had the following structure: First, the subject heard a high warning tone (1000 Hz) and simultaneously saw two horizontal fixation bars marking the left and right margins of the field where the prompt would be displayed shortly afterwards. The bars appeared in the same locations on all trials, regardless of the length of the prompts. The tone and the fixation bars were displayed for 200 ms and were followed by a 600-ms pause. Then the prompt was presented for 150 ms, and the subject said the response word as quickly as possible. The speech onset was detected by the voice key, and the reaction time, measured from prompt onset, was computed and written into a data tile. The prompt was followed by a blank interval of 1050 ms. Then the next trial began. If the subject failed to react within 1000 ms after prompt onset, a low tone (500 Hz) was played for 200 ms, and 200 ms after its offset the next trial began. The subject had been instructed to avoid this tone by reacting quickly enough.
The experimenter monitored the responses and marked wrong and missing responses in the data file. The mean reaction time, the numbers of wrong and missing responses, and the number of responses with latencies longer than 1000 ms were transformed into point scores, which were displayed to the subject at the end of each block of test trials. In order to keep track of his or her performance, the subject entered the total number of points earned in each block into a form.
Data analyses. On the basis of the taped performance record and the data files created during the experiment, correct re-sponses and errors were identified. There were five kinds of errors. First, subjects failed to respond (missing responses); second, they responded with latencies longer than 1000 ms (slow responses); third, they used wrong response words (wrong responses); fourth, they stuttered or repaired their utterances before completing a response word (disfluencies); and, fifth, they began their utterances with clicking or smacking non-speech sounds produced by the lips or the tongue (mouth clicks). The category of wrong responses includes cases where subjects first said wrong response words and then corrected themselves. More than 90% of the wrong responses were confusions among the response words of the current test block. The category of disfluencies includes speech errors resulting in non-words, which were usually blends of two response words of the current test block.
Across Experiments 1 through 8, the mean error rate per experiment was 6.29%; 9.66% of the errors were missing responses, 16.52% slow responses, 10.57% wrong responses, 36.34% disfluencies, and 26.9% mouth clicks. In all experiments, the error rate was higher in the first than in the following repetitions; 46.91% of the errors occurred during the first repetition of the test blocks, 28.92% during the second, and 24.17% during the third repetition. The distributions of errors across the homogeneous and heterogeneous conditions of the experiments were analyzed using Wilcoxon tests, the results of which are reported below.
Errors were excluded from the analyses of reaction times. In addition, the reaction times of, on average, 0.7% of the trials of each experiment were missing because the voice key was triggered by noise in the environment rather than by the subject's speech. The valid reaction times from the five word pairs of each set were combined into means per subject, context, repetition, and trial. These means were submitted to an analysis of variance with one betweensubjects variable (groups), and four withinsubjects variables (sets, contexts, trials, and repetitions). Geisser-Greenhouse conservative F tests were used. The generality of the findings across different materials was assessed by inspecting the patterns of results for each set of a given experiment and by replicating important conditions in several experiments with different word pairs.
The reaction times tended to decrease across the three repetitions of the test blocks and across trials within test blocks. The main effect of repetitions was significant in all experiments and the main effect of trials in three of them. The main effect of sets was significant in all experiments. The corresponding statistics are not reported here, but they can be obtained from the author.
Results
Reaction times. In Experiment 1, in which the word onsets were the implicit primes, a significant context effect of 34 ms was obtained (means for the homogeneous and heterogeneous conditions: 615 ms vs. 649 ms, F(1,8) = 33.47, MS, = 12,670, p < .Ol). Thus, the subjects could produce the response words of a block faster when the words shared the onset than when this was not the case. The interaction of contexts and sets was also significant (F(1,8) = 8.26, MS, = 3411, p < .05; see Table 3 ). In all sets, the mean reaction time was shorter in the homogeneous than in the heterogeneous test context, but in an analysis of simple effects this difference failed to reach significance in two sets.
The interaction of groups, contexts, and repetitions was also significant (F(1,8) = 12.77, MS, = 3695, p < .Ol). An analysis of simple effects revealed that the context effect was significant in all repetitions in both groups of subjects with the exception of the first repetition in Group 1. Similar patterns of results had been obtained in some of the syllable experiments (Meyer, 1990 ) and were observed again in Experiments 3,6,7, and 8 below. They are most likely due to Note. The table displays, for each set, the mean reaction times (ms) in the homogeneous and heterogeneous conditions (RT (horn) and RT (het)), the differences between the conditions (Diff, defined as RT (het) -RT (horn)), the F values from the analysis of simple effects, and the error percentages in the homogeneous and heterogeneous conditions (e% (horn) and e% (het)). MS, is the error term of the analysis of simple effects. ** p < .Ol.
the fact that the two groups of subjects differed in the order of homogeneous and heterogeneous test conditions. In the first group of subjects the word pairs were first tested under the homogeneous and then under the heterogeneous condition, whereas the reverse was true in the second group. Apparently, the repetition of the items speeded the responses. This practice effect added up to the effect of the implicit primes in Group 2 and counteracted it in Group 1. The order of the two conditions noticeably affected the reaction times only in the first part of the experiment, which explains the interaction of groups, contexts, and repetitions .
In Experiment 2, in which the implicit primes consisted of the rhymes of the response words, the mean reaction times in the homogeneous and in the heterogeneous conditions were almost identical (mean: 625 ms vs. 621 ms, F(l,H) = 1.73, MS, = 4529; see Table 4 ). The interaction of contexts and groups was significant (F(l,H) = 12.20, MS, = 4529, p < .Ol). In Group 1, the mean reaction time was longer in the homogeneous than in the heterogeneous blocks, whereas the reverse was true in Group 2. This pattern of results is probably due to the practice effect discussed above, which in each group favored the test condition administered last within each of the three parts of the experiment.
Error rates. In Experiment 1, the overall error rates were about the same in the homogeneous and in the heterogeneous condition (5.33% and 5.97%, z = l.Ol), and there were no marked differences between the two conditions for any of the five error types. In Experiment 2, the overall error rate was higher in the homogeneous than in the heterogeneous condition (6.19% vs. 3.95%, z = 1.68, p < .lO). Errors of all five types occurred more frequently in the homogeneous than in the heterogeneous condition, but the difference was significant only for wrong responses (41 vs. 16 cases, z = 2.07, p < .05) and for disfluencies (138 vs. 95 cases, z = 2.13, p < .05). To summarize, Experiments 1 and 2 showed that the production of the response words was facilitated by implicit primes that consisted of the onsets of the response words, but not by primes that consisted of their rhymes. A possible interpretation of these findings is that the constituents of monosyllabic words are phonologically encoded in a specific order, with the onset preceding the rhyme, and that for this reason the subjects could prepare themselves for the utterance of the response words on the basis of onset primes, but not on the basis of rhyme primes. Rhyme primes barely affected the reaction times, but the distribution of errors suggests that the production of the response words was more difficult when they shared the rhyme than when this was not the case. The next two experiments tested whether the same pattern of results would be obtained for onset and rhyme of the first syllable of disyllabic response words.
within each set shared the rhyme of the first syllable instead of the onset (see Table 6 ).
Results and Discussion EXPERIMENTS 3 AND 4
Method
Stimuli. The response words of Experiment 3 were disyllabic nouns, whose first syllable was stressed and consisted of a consonant and a long vowel (for Dutch syllabification rules see, for instance, Booij, 1981; van der Hulst, 1984) . As in the first two experiments, there were live sets with five word pairs each. The response words within each set shared the word onset (see Table 5 ).
Reaction times. In Experiments 3 and 4, the results of the first two experiments were replicated. In Experiment 3, where the response words in the homogeneous condition shared the word onset, there was a significant context effect of 27 ms (means for the homogeneous and heterogeneous conditions: 606 ms and 633 ms, F(1,8) = 95.71, MS, = 2979, p < .Ol; see Table 7 ). In Experiment 4, where the response words shared the rhyme of the first syllable, the mean reaction times in the homogeneous and heterogeneous conditions differed by only 2 ms (means: 620 ms vs. 622 ms, F(1,8) = 0.23, MS, = 4617; see Table 8 ). In that experiment, the interaction of contexts and groups was significant (F(1,8) = 15.10, MS, = 4617, p < .Ol). In the first group of subjects the mean reaction time was significantly longer in the homogeneous than in the heterogeneous blocks (means: 625 ms and 613 ms, F(1,8) = 5.85, p < .05), whereas the reverse was true in the second group (means: 615 ms and 630 ms, F(1,8) = 9.14, p < .05).
With one exception, these word pairs were also used in Experiment 4. For that experiment, the word pairs were regrouped in such a way that the response words Thus, in the experiments using monosyllabic response words and in those using disyllabic response words, primes that consisted of the word onsets, but not primes that consisted of the following rhymes speeded the production of the response words. These findings are not predicted by a model of phonological encoding in which the constituents of a syllable can be encoded in any order. Instead they support the assumption that the onset of a syllable is encoded before the rhyme and that for this reason the subjects could prepare themselves for the utterance of the response words on the basis of onset primes, but not on the basis of rhyme primes. Error rates. In Experiment 3, in which disyllabic response words were primed by their word onsets, significantly more errors occurred in the homogeneous than in the heterogeneous condition (5.92% vs. 3.73%, z = 2.70, p < .Ol). Errors of all types were more frequent in the homogeneous than in the heterogeneous condition, but the difference was significant only for disfluencies (60 vs. 35 cases, z = 1.96, p < .05). Experiment 3 was the only experiment in which the context effect on error rates was significant, but higher error rates in the homogeneous than in the heterogeneous condition were also observed in other experiments, for instance, in Experiment 2. An interpretation of this finding will be proposed in the General Discussion. In Experiment 4, in which disyllabic response words were implicitly primed by the rhyme of their first syllable, there were no marked differences between the homogeneous and heterogeneous condition, either in overall error rates (5.41% vs. 5.25%, z = 0.53), or in the rates of particular types of errors, EXPERIMENTS 5 AND 6 A possible interpretation of the results of Experiments 1 and 3 is that implicit primes consisting of word onsets speeded the phonological encoding of the response words. The priming effects could, however, also be due to articulatory preparation. When all response words of a given test block began with the same consonant or consonant cluster, the subjects could bring their speech organs into an optimal starting position to say the words instead of keeping them in a neutral position between trials, and this might have speeded the responses.
In order to test this hypothesis the next two experiments were carried out, in which disyllabic response words were either primed by their first syllable or by their first syllable plus the onset of the second syllable. If primes that include the onset of the second syllable yield stronger effects than primes that do not include it, the additional effect of the primed word-internal syllable onset is unlikely to be due to articulatory preparation, but can be ascribed to the phonological level. Then the conclusion seems warranted that the priming effect from word-initial consonants is also, at least in part, due to facilitation of the phonological encoding of the response words.
Stimuli. The materials of Experiment 5 consisted of six sets with three word pairs each. All response words began in a consonant and a long vowel. The syllable boundary fell between that vowel and the following consonant. In three sets (CV-sets) the response words shared only the first syllable, and in the remaining sets (CVC-sets) they also shared the onset of the second syllable (see Table 9 ).
Experiment 6 was a replication of Experiment 5 with new materials. Again, disyllabic response words were either primed by their first syllable (CV-sets) or by that syllable plus the onset of the second syllable (CVC-sets). The response words of Experiment 5 were stressed on the first syllable, whereas those of Experiment 6 were stressed on the second syllable (see Table  10 ).
Results and Discussion
Reaction times. In Experiment 5, a significant context effect of 76 ms was obtained (means for the homogeneous and the heterogeneous conditions: 502 ms vs. 578 ms, F(1,8) = 69.36, MS, = 59805,~ < .Ol). The interaction of sets and contexts was also significant (F(1,8) = 11.21, MS, = 7321, p < .05). As can be seen from Table  11 , the strength of the context effect varied across the sets, but it was significant in all sets. The mean priming effects were 57 ms for the CV-sets and 99 ms for the CVC-sets. Both effects were significant (means for the CV-sets: 514 ms and 571 ms, t(8) = 8.38, p < .Ol; means for the CVC-sets: 490 ms and 586 ms, t(8) = 14.31, p < .Ol; as was the 39-ms difference between them (t(8) = 4.16, p < .Ol). ' Exactly the same pattern of results was observed in Experiment 6. The main effect of contexts was significant (F(1,8) = 55.90, MS, = 4268, p < .Ol), as was the interaction of contexts and sets (F(1,8) = 8.30, MS, = 5297, p < .05; see Table 12 ). The priming effect was significant for each set and for each type of sets (means for the CV-sets: 609 ms and 650 ms, t(8) = 7.44, p < .Ol; means for the CVC-sets: 586 ms and 659 ms, t(8) = 12.93, p < .Ol), and the effect was significantly stronger, by 32 ms, in the CVC-sets than in the CV-sets (t(8) = 3.88, p < .Ol).
' One-tailed t tests were used in planned comparisons. The effects of word onset primes in Experiments 1 and 3 could have been due to articulatory preparation or to phonological facilitation or both. By contrast, the effects of word-internal syllable onsets in Experiments 5 and 6 could not have an articulatory basis, but, most likely, stemmed from facilitation of phonological encoding. Hence, it is likely that the priming effects of the word onsets were also, at least in part, due to phonological facilitation. In fact, the effects of word-initial and word-internal syllable onsets were about equally strong, namely 31 ms (mean of Experiments 1 and 3) and 36 ms (mean of Experiments 5 and 6), respectively. Thus, articulatory preparation apparently did not play a major role in determining the strength of the priming effects.
Error rates. In Experiment 5, slightly fewer errors occurred in the homogeneous than in the heterogeneous condition (5.79% vs. 6.9%, z = 1.12). The context effect was significant for missing responses (4 vs. 26 cases, z = 2.52, p < .05), but not for the remaining types of errors. In Experiment 6, wrong responses occurred significantly more frequently in the homogeneous than in the heterogeneous condition (49 vs. 26 cases, z = 1.99, p < .05). The other types of errors were observed about equally frequently in the two conditions, and the overall error rates did not differ significantly from each other (7.85% vs. 7.13%, z = 1.02).
In both experiments, the error rates for CV-sets were about the same in the homogeneous and the heterogenous conditions (see Tables 11 and 12 ). In the CVC-sets of Experiment 5 significantly fewer errors occurred in the homogeneous than in the heterogeneous condition (3.84% vs. 6.16%, z = 2.55, p < .05), whereas in the CVC-sets of Experiment 6 slightly more errors were observed in the homogeneous than in the heterogeneous condition (8.56% vs. 6.95%, z = 1.84, p < .lO).
EXPERIMENTS 7 AND 8
The results of Experiments 1 to 6 can be explained by assuming that syllables are encoded in at least two steps, dedicated to the onset and the rhyme, respectively. However, it is possible that more steps are necessary to encode complex syllables. On the basis of speech error evidence, it has been proposed that the sublexical units, out of which word forms are created, are seg- ments and segment sequences that map onto the syllable constituents onset, nucleus, and coda (see, for instance, Dell, 1986; Shattuck-Hufnagel, 1979 , 1983 ). Thus, syllables might be encoded in three steps, in each of which one of these sublexical units is selected. This hypothesis was tested in Experiments 7 and 8. Disyllabic response words were used whose first syllable included an onset consonant, a short vowel, and a coda consonant (CVCresponse words hereafter). Three types of implicit primes were tested, namely wordonset consonants (C-primes), word-initial CV-groups (CV-primes), and the complete first syllables of the response words (CVCprimes). If the units that are encoded in successive steps are onset, nucleus, and coda, the strength of the priming effect should increase from C-to CV-primes and from CVto CVC-primes. By contrast, if the units of phonological encoding are onsets and rhymes, CVC-primes should yield stronger effects than C-primes, but CV-primes might not be more efficient than C-primes because the vowels do not correspond to the complete rhymes.
Method
Stimuli. As only two types of sets could be included in a single experiment, two ex- were run in order to test the effects of C-, CV-, and CVC-primes. In Experiment 7, there were three sets in which the response words shared the word onset consonant (C-sets) and three sets in which they shared the word-initial CV-group (CVsets). The CV-sets were also tested in Experiment 8, together with three sets in which the response words shared the entire first CVC-syllable (CVC-sets; see Table  13 ).
Results
Reaction times. In both experiments, the context effect was significant (means for the homogeneous and heterogeneous conditions of Experiment 7: 571 ms vs. Tables 14 and 15 ). The effect was significant for all types of sets that were tested. The effects for the C-and CVsets of Experiment 7 were about equal in strength, namely 28 ms and 23 ms, respectively (means for the C-sets: 581 ms and 609 ms, t(8) = 5.34, p < .Ol; means for the CV-sets: 562 ms and 585 ms, t(8) = 4.20, p < .Ol). In Experiment 8, the priming effects were 34 ms for the CV-sets and 59 ms for the CVC-sets (means for the CV-sets: 593 ms and 627 ms, t(8) = 5.25, p < .Ol; means for the CVC-sets: 569 ms vs. 628 ms, t(8) = 9.81, p < .Ol). The 25-ms difference in the strength of the effects between the two types of sets was significant (t(8) = 2.72, p < .Ol).
The main results of Experiments 7 and 8 are summarized in Fig. 1 , together with the findings of Experiments 3 and 5. The response words of Experiments 7 and 8 began with stressed CVC-syllables, whereas MEYER those of Experiments 3 and 5 began with stressed CV-syllables. These two types of response words are called CV-and CVCresponse words, respectively. Three types of implicit primes were tested, namely word onset consonants (C-primes), wordinitial CV-groups (CV-primes), and wordinitial CVC-groups (CVC-primes).
As the figure shows, CV-and CVC-response words were primed equally efficiently by their word-onset consonants; the priming effects were 27 ms and 28 ms, respectively. The remaining two types of primes yielded substantially stronger effects for CV-than for CVC-response words. The figure also shows that CV-response words were primed as efficiently by CV-primes as CVC-response words by CVC-primes.
In other words, a constant priming effect, of approximately 58 ms, was obtained when the response words were primed by their first syllable, regardless of the number of segments the syllable included.
Comparable results had been obtained in a pilot study in which CV-and CVCresponse words were primed by their first syllable. The priming effect was significant (means for the homogeneous and heterogeneous conditions: 570 ms and 600 ms, ms and 31 ms). Thus, both CV-and CVCsyllables are apparently encoded in two steps each, one dedicated to the onset and one to the rhyme.
Error rates. In Experiment 7, the overall error rates in the homogeneous and heterogeneous condition were about the same (6.92% vs. 7.06%, z = O.lO), and no significant differences between the two conditions were obtained for any of the five types of errors. In Experiment 8, the error rate was slightly higher in the homogeneous than in the heterogeneous condition (9.0% vs. 7.25%, z = 1.63). As Table 15 shows, this difference is due to the error distribution in the CV-sets. Disfluencies were more frequent in the homogeneous than in the heterogeneous condition (207 vs. 87 cases, z = 2.67, p < .Ol). This tendency was more pronounced in the CV-sets (137 vs. 45 cases) than in the CVC-sets (70 vs. 42 cases). In both types of sets, missing responses were less frequent in the homogeneous than in the heterogeneous condition (37 vs. 64 cases across all sets, z = 2.03, p < .05).
GENERAL DISCUSSION
The experiments reported above studied the effects of various types of implicit primes on the production of mono-and disyllabic response words. The two main findings were, first, that priming effects on the reaction times were only found when the primes included the onsets of the response words, and second, that the strength of the effects increased with the length of the primes, defined in terms of the number of primed onsets and rhymes. Priming effects of about equal strength were obtained from word-initial and wordinternal syllable onsets, which suggests that the implicit primes facilitated the phonological encoding of the response words rather than their articulation.
In Dell's (1986) model of phonological encoding, successive syllables of a word must be encoded in a specific order, namely proceeding from the beginning of the word to the end, because the temporal order of their encoding determines the sequence of the syllables in the phonological representation and thereby in the utterance. The results of an earlier series of experiments (Meyer, 1990 ) support this assumption. The present results suggest that onset and rhyme of a syllable are likewise selected in a particular order; possibly because their sequence in the phonological representation is also determined by the temporal order of their selection. Thus, the same ordering principle might hold between and within syllables. In Dell's model, syllables are important processing units, determining which parts of a word are encoded at about the same time and which parts are encoded at different times. The data presented above suggest that the units that are encoded sequentially are not complete syllables, but the syllable constituents onset and rhyme.
According to this proposal, the sublexical units of a word could be selected and ordered in the following way. Activation spreads in parallel from the word to a set of syllable onsets and rhymes. If, for instance, the Dutch word ['pcYn.tar] (panther) is encoded, four sublexical units are activated, namely [p] , [an] , [tl, and [or] . At any given moment, one of these units is activated particularly strongly. In the example this is initially the unit [p] . It reaches the selection threshold first and therefore becomes the first part of the word. After being selected, its activation level drops to zero, and then the next unit, [on] in the example, is activated most strongly. It is selected next and becomes the next part of the word, and so on, until the end of the word is reached.
When the response words in a homogeneous block of an implicit priming experiment had the same word onset, the subjects probably tried to keep the recurrent consonant or consonant cluster in mind between trials. Presumably, the onset consonant or cluster was activated and selected repeatedly so that its activation level was already elevated above its usual resting level when the encoding of a response word began. Therefore, the onset unit could be selected more rapidly, and the phonological encoding of the response word took less time than in the heterogeneous condition, in which the response words had different onsets. When the response words shared the rhyme of the first syllable, the subjects could not prepare themselves between trials in the same way. If at the beginning of the phonological encoding of a given response word the rhyme of its first syllable were more highly activated than the word onset, the rhyme would reach the selection threshold before the onset and would become the first part of the word, which would, of course, be wrong.
It should be noted that the segments of successive syllable constituents are taken to be selected in a particular order. A stronger claim would be that the segments of one syllable constituent only begin to be activated after those of the preceding constituent have been selected (see MacKay, 1987 , for a discussion of the distinction between activation and selection of units). There is speech error evidence suggesting that this latter supposition is probably wrong. For instance, speakers sometimes anticipate segments that were meant to appear later in the utterance, or they exchange segments of two words (as, for instance, in heft lemisphere instead of left hemisphere, see Fromkin, 1973, Appendix) , which indicates that segments of several words must be activated simultaneously.
Also, sound anticipations and exchanges are more likely to involve two segments that are followed by identical segments (as in the above example) than two segments that are followed by different segments. The identical segment need not be a direct neighbor of the interacting segments (see Dell, 1984 Dell, , 1988 MacKay, 1970 , for a discussion of this repeated phoneme effect). Thus, at the moment of the error at least some of the segments following the interacting ones must also be activated.
In five of the eight experiments reported above, more errors were observed in the homogeneous than in the heterogeneous condition. Across all experiments, 53% of the errors happened in the homogeneous condition. This trend was mainly due to the distribution of wrong and disfluent responses; 58% of the wrong and 56% of the disfluent responses occurred in the homogeneous condition. The remaining types of errors were about equally frequent in the two conditions. Thus, whereas the results of the reaction time analyses show that the production of the response words was facilitated by certain types of implicit primes, the results of the error analyses suggest that the production of the response words was more difficult in the homogeneous than in the heterogeneous condition.
A noteworthy difference between the context effect on reaction times and the effect on error rates is that only the former effect was governed by the nature of the implicit primes. Context effects on the reaction times were obtained only from primes that included the word onsets, and the strength of the effects was determined by the length of the primes. By contrast, whether or not the error rate for a given set was higher in the homogeneous than in the heterogeneous condition depended neither on the word position, nor on the length ofall syllables had ended in stops. Dutch also has more complex rhymes, comprising a short vowel and a consonant cluster (like, for instance, in [bond] (dog)), or a long vowel or diphthong and a consonant or consonant cluster (like in [di:r] (animal) or [be:st] (beast)). Such rhymes might be coherent units of phonological encoding, or they might break up into a nucleus and a coda. Finally, the current findings obviously do not allow for any conclusions concerning the coherence of onset clusters.
To sum up, it is proposed that the units of phonological encoding are neither complete syllables, nor necessarily individual phonological segments, but the segments and segment sequences that map onto certain syllable constituents.
Whether the relevant syllable constituents are always onsets and rhymes or whether certain onsets or rhymes break up into smaller constituents remains to be established. This view does not exclude the possibility that word forms are represented in more than one way. The present data suggest that there is one level of representation that is created by selecting and combining segments and segment sequences corresponding to syllable constituents. There might, however, be other levels whose processing units are complete syllables or individuals phonological segments or features.
The proposal that syllable constituents are important units of phonological encoding is, of course, not new, but has been made many times on the basis of speech error analyses. It has often been noted that the error units (i.e., the unintended parts in speech errors) tend to correspond to complete syllable constituents of the target words (see Dell, 1986; MacKay, 1970 MacKay, , 1972 Shattuck-Hufnagel, 1979 , 1983 Stemberger, 1983b ). This has been demonstrated most clearly for syllable onsets, which are involved in sound errors far more frequently than other constituents (see, for instance, Shattuck-Hufnagel, 1983 . Whether rhymes are single processing units or comprise two units (a nucleus and a coda) is difficult to decide, mainly because errors involving these syllable constituents are fairly rare. The available evidence is usually taken to favor the assumption that nucleus and coda are separate processing units (see, Dell, 1986; Shattuck-Hufnagel, 1979 , 1983 Stemberger, 1983b) . The present results support the customary assumption that the segments of certain syllable constituents are selected simultaneously. In addition, they suggest that the segments of successive constituents are selected at different times, which was not obvious from the speech error evidence.
Finally, the conclusion that onsets and rhymes are encoded sequentially sheds a new light on the association of segments and syllables. In Dell's (1986) model, the main function of this process is to order the segments, which are activated and selected in parallel. If, however, the order of the sublexical units is determined by the temporal order of their selection, their association to the slots of syllable frames cannot be viewed as an ordering process, and the question arises of why this process takes place at all. On these grounds, one could argue that the notion of a syllable frame could be abandoned.
However, the results of the implicit priming experiments and the speech error evidence mentioned above support the notion of syllable constituents. In addition, a very robust finding of speech error analyses is that misplaced segments tend to move from their target positions to corresponding positions in new syllables rather than to different positions. Onset segments typically move to new onset positions, nucleus segments to new nucleus positions, and coda segments to new coda positions (see, for instance, Boomer & Laver, 1968; Fromkin, 1971; Garrett, 1975 Garrett, , 1980 MacKay, 1970; Nooteboom, 1969; Shattuck-Hufnagel, 1979 , 1983 ; but see, for counterevidence, Abd-El Jawad & Abu-Salim, 1987) . And there is, of course, strong linguistic evidence supporting the notion of the syllable (see, for instance, Fudge, 1969; Hayes, 1981; Hyman, 1985; Nespor & Vogel, 1986; Selkirk, 1984) . For these reasons, it seems inappropriate to eliminate the syllable from a theory of phonological encoding. The syllable probably does not play a role in ordering the segments of a word, but it might be a unit of an independent level of representation, as has been proposed on linguistic grounds (see, for instance, Goldsmith, 1986; Halle & Vergnaud, 1980) . Thus, following Dell (1986) , ShattuckHufnagel(l979, 1983) , and others, I assume that phonological encoding involves the selection of phonological segments and segment sequences, the creation of syllable frames, and the insertion of the segments and sequences into the slots of the syllable frames. The association of phonological segments and syllables can be viewed as the integration of two complete and fully ordered representations of different aspects of word forms. 
